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MAMMALIAN PREDATOR ECOLOGY 
CO-INHABITING GIANT SK.INK HABITAT 
August 1989 
The utilisation of habitats and the diet of feral cats and ferrets was 
studied in an area co-inhabited by giant skinks in the 
Middlemarch-Macraes Flat region of Central Otago, New Zealand. Home 
range and habitat utilisation of two female cats, two male cats and three 
male ferrets using radio-telemetry revealed that; female feral cat home 
range varied from 0.52 krrr to 1.45 km2; male feral cat range varied from 
1.80 km.2.to 2.00 km.2, and male ferrets from 0.68 km:zto 1.20 km.2: 
Predators made non-random use of certain parts of their home range and 
this was related to food acquisition and the position of predator dens. 
Digestive tracts and scats indicated that rabbits, birds, and insects 
were the staple food of both feral cats and ferrets in pasture, 
semi-arid, and tussock habitats. In addition, prey remains in feral cat 
scats indicated that common skinks were an important food item of feral 
cats. Dead farm stock were an important source of food during winter 
for individuals of both the feral cat and ferret populations. 
Topography and sub-habitats affected the distribution of prey, and 
therefore influenced the areas of high utilisation of predators. 
Pathways used by predators to travel through an area were mainly stock 
tracks and fence lines. Interfaces between tussock and pasture habitats 
were used as pathways for feral cats, while ferrets made use of tussock 
gullies. 
This study shows that habitat utilisation by feral cats within 
fragmented tussock grassland and pastures has the potential to reduce 
local populations of lizards. Ferrets pose a negligible threat to 
lizards in the present study area. An easily scavengable food supply, 
e.g. stock carcasses, available to predators during winter is important 
for maintaining feral cats and ferret populations and therefore such a 
supply has important consequences for lizard conservation. Lizard 
conservation will be aided primarily by habitat improvement. 
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" ... we may infer what havoc the introduction of any new 
beast of prey may cause in a country, before the 
instincts of the indigenous inhabitants have become 
adapted to the stranger's craft or power ... " 
Darwin 1845. 
" ... no other island group in the world provides such an 
interesting example of the havoc which introductions 
cause among native animals and plants as New Zealand ... " 
Devos ~ fil. 1956. 
" ... the devastation of New Zealand's native fauna has 
become one of the world's best known horror stories ... " 
King 1984. 
Cats (felis domestiCU§) and mustelids (ferrets, Mustela putorious; 
stoats, M, erminea, and weasels, M. nivalis) are two groups of 
introduced mammalian carnivores that have successfully established 
themselves as widespread feral animals in New Zealand. Their arrival 
and spread have been documented by Druett (1983) and King (1984). Feral 
cats were thought to be present in every region on New Zealand's 
mainland by the 1880' s (Thomson, 1922). Their spread was aided by the 
abandonment of pet animals left by traders, gold seekers and surveyors. 
By the early 1900' s cats were present on many of the surrounding 
off-shore islands as well (Atkinson and Bell, 1973; Dilks, 1979; Karl 
and Best, 1982; Fitzgerald and Vietch, 1985). Mustelids were introduced 
from the late 1860' s in an effort to control the growing number of 
rabbits (Oryctola9us cunniculus) threatening to overrun many farms. 
Both mustelids and cats were declared natural enemies of the rabbit 
under the 1886 Rabbit Nuisance Act, and were protected in all areas 
until 1936 (Druett, 1983). 
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It became apparent very early after the introduction of mustelids that 
the combined predation pressure of feral cats and mustelids was having 
little effect on rabbit density. Instead rabbits were more likely to 
determine the distribution and size of the predator population (Howard 
1958). People started to become alarmed at the disappearance of certain 
native bird species from areas that traditionally had held high numbers. 
The blame was laid at the doorstep of feral cats, stoats and weasels. 
However other events were also happening at this time which confused the 
real extent predators were to blame. Increased efforts were being made 
to cultivate the land by ploughing, burning and clearing the native 
forests, which denuded the land of preferred habitats for New Zealand's 
endemic species. The effects of museum collectors shooting specimens 
from endangered populations and the introduction and effects of the 
European rat have all helped to confuse the chequered history of New 
Zealand's fauna extinctions. 
It is not surprising then that the actual impact of feral cats and 
mustelids on the native wildlife since their introduction and spread has 
been the subject of much debate over the years. Although cats have been 
branded as the cause of many disappearances and extinctions, ferrets do 
not have the same stigma attached to them. Apart from the occasional 
loss of a few domestic chickens, ferrets are generally accepted as 
important predators on rabbit populations. 
Following the trauma of 1080 poisoning and the introduction of Rabbit 
Boards after World War II (Druett, 1983), the reported decline of ferret 
numbers is not surprising. However, feral cats, having been described 
as more of generalists in their approach to diet (Jones and Coman, 1982; 
Pierce, 1987) coupled with their ability to survive closer contact with 
humans, do not appear to have shown a noticeable fluctuation in numbers 
since becoming established as a feral population. 
The bulk of the work on feral cats and ferrets in New Zealand has 
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involved dietary analysis (Roser and Lavers, 1976; Dilks, 1979; 
Fitzgerald and Karl, 1979; Karl and Best, 1982; Fitzgerald and Vietch, 
1985), radio-tracking (Rhoades and Langham, 1984; Fitzgerald and Karl, 
1979; Pierce, 1987), and live-trapping studies of mustelids have also 
been carried out (Moors and Lavers, 1981; King and McMillan, 1982). 
Most of the dietary studies concentrate on the effect of predation on 
the relic fauna of New Zealand's off-shore islands. The only study of 
the effect of feral cats and ferrets on a mainland endemic species is 
that of Pierce (1987). He found that feral cats and ferrets were 
responsible for the heavy predation of the small remnant population of 
black stilts (Himantopus oovaezealandiaQ), with eggs, chicks, and adults 
being eaten. 
The once widespread and common populations of endemic giant skinks, 
Leiolopisma grnnde and b otagense, now survive in only two areas of 
Central Otago, one on the eastern fringe and one at Lindis Pass. 
Remnant populations of these lizards, amongst New Zealand's largest and 
most endangered, live on the schist rock tor habitat characteristic of 
the Central Otago landscape. Although not much is known about their 
population dynamics, their long term survival appears threatened by a 
combination of three main areas; predation from cats and mustelids, 
habitat destruction by burning and ploughing, and intense grazing 
pressure of farm stock. 
Cats are known to be important predators of lizards in some areas 
(Thomson, 1922; Iverson, 1978; Pierce, 1987; Fitzgerald in press), and 
do prey on giant skinks (Towns~~ .• 1984). Ferrets also appear to be 
predators of lizards as Pierce (1987) found that, after rabbits, lizard 
remains were the most common prey item found in ferret scats. 
Thomas (1982) suggested that burning and ploughing of tussock grassland 
into pasture degrades the preferred habitat of giant skinks by 
eliminating invertebrate food sources and removing protective cover. By 
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removing cover between rock stacks and gullies, the habitat is 
essentially fragmented into small islands of rock and associated tussock 
clumps which often harbour plant species not found in surrounding areas. 
The lizards must then concentrate their activities within these clumps, 
thus any disturbance within these small island like refuges will be more 
noticeable. Well drained, closely cropped pasture grass is the preferred 
habitat of rabbits (Lockley, 1976); the increase in pasture land has led 
to an increase in rabbit numbers thus providing the potential for local 
mammalian predator populations to increase. 
Detailed knowledge about the use of different types of habitats by 
different predators is important for a better understanding of the 
relationships between habitats in a landscape and the patterns of 
predation on local animal communities. Studies of bird populations in 
fragmented habitats suggest that interfaces between habitats are 
important for generalist predators. Gates and Gysel (1978) found a 
consistent negative correlation between the production of young birds 
and the distance of the forest/farmland edge. Ambuel and Temple (1983) 
suggested nest predation was one reason behind the impoverishment of 
local bird faunas with increasing fragmentation of deciduous forests in 
an agricultural matrix. Warner (1985) found that 73% of all radio-fixes 
for feral cats were in habitat fringes and that they made 
disproportionately high use of linear perimeters such as roadsides and 
field interfaces. Since the relative amount of edge increases as the 
size of the fragment decreases, a prediction from this hypothesis is 
that predation pressure should be inversely related to the size of the 
remnant habitat (Angelstam, 1986). 
There is little or no information available about the relationship 
between cats and ferrets sharing the same habitats. Categorising feral 
cats and ferrets to fit the popular theory of two coexisting predator 
species as either an "r-strategist" and the other a "K-strategist" (King 
and Moors, 1979; Hsu~§!., 1978), is difficult. Population densities 
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of both species are primarily determined by food supply, although the 
deliberate interference by shooting, trapping, and poisoning will reduce 
local populations (Fitzgerald in press). 
The present study aims to investigate aspects of feral cat and ferret 
ecology in an area where giant skinks are known to occur. During the 12 
months of field work the following aspects were studied in order to 
determine the impact these predators are having on the remaining 
population of giant skinks. 
1/ The diet of feral cats and ferrets as seen from the collection of 
scats and digestive tracts to find which species were important as prey 
and whether different habitats affected predator diet. 
2/ Habitat utilisation by feral cats and ferrets as revealed by 
radio-tracking techniques to determine any seasonal variation in the 




In order to understand how feral cats and ferrets utilise their local 
environment it is important to know what constraints the landscape and 
weather patterns impose upon the area. The study area (Fig. 2.1 ), lies 
on the north-eastern fringe of Central Otago and the south-west fringe 
of coastal Otago. The topography within the study area rises between 












FIGURE 2.1 Map showing the location of the study area (coloured region) 
Locally important landscape features include outcrops of the schist 
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bedrock as bluffs or free standing rock tors where the schist has been 
weathered to form numerous deep crevices and exfoliated slabs of rock. 
The area, once dominated by native forest, is now a mixture of snow 
tussock grassland and exotic pastureland. 
The influence and complicated nature of the terrain within the study 
area affects the weather systems. The characteristic climate of the 
study region is of warm, dry summers and cold winters, with high diurnal 
variation in temperature. The weather is slightly milder than inland 
Central Otago due to the influence of coastal weather patterns. The 
district is subject to strong winds from the northwest (McGann 1987), 
and their approach is usually heralded by the appearance over the valley 
of a lenticular cloud known locally as the "Taieri Pet". The average 
annual rainfall in the area is about 600 millimetres, but varies widely 
between years. 
Locally, rabbits, hares (l.&ru.!§ europaeus) and possums (Trichosurus 
vulpecula) are widespread and abundant; feral goats (~ bi.[Qys) and 
pigs (Sus scrofa) are also present. Various bird species occur 
throughout the region, the most noteworthy being the falcon (Falco 
noveaseelandiae) which is found in relatively high numbers, and a large 
number of introduced passerine birds. Not only is the area home to 
giant skinks, but also to high numbers of common skinks (Leiolopisma 
nigriplantare maccani) and common gecko (Hopodactylus maculatus) 
2-2.1 STUDY AREA and PERIODS 
During eight months of 1988 (February/March, May/June, August/September 
and November/December) farmland in the Macraes Flat area (Fig. 2.2), was 
used for radio-tracking purposes to study habitat utilisation and home 
range characteristics of feral cats and ferrets. 
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FIGURE 2.2 Map showing the main study areas in the Macraes Flat region 
used during radio-tracking feral cats and ferrets 
Macraes Flat is comprised of gently sloping to moderately steep snow 
tussock (Chionochloa spp.) covered land with sporadic rock tors and 
cliffs (Fig. 2.3). 
FIGURE 2.3 Typical habitat in the Macraes Flat area 
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Tussock grassland has been, and is still being ploughed for pasture. 
Burning of the tussock grassland is still carried out in some areas as 
part of pastoral management. The majority of the remaining snow tussock 
grassland in this area can be described as sparse, with occasional 
pockets of tall dense stands persisting in gullies and around some rock 
outcrops. Remnant patches of manuka (Leptospermun scoparium), kanuka 
(Kunzea Qricoides) and the occasional broadleaf (Griselinia ljttoralis) 
are locally present. Shelter belts of pine trees (Pjnus radiata) and 
patches of gorse (Ulex europaeus) are also present. 
The area is well known for its population of giant skinks with the 
denser populations being found in Emerald Stream, about three kilometres 
south of the main site used in the present study. There are moderate to 
heavy concentrations of common skinks and geckos occurring throughout 
the study area. Rabbits and hares are common and may occur in high 
numbers in some localised areas. 
2-2.2 RADIO-TRACKING EQUIPMENT 
The home range and habitat usage by two female cats ("Shiela", 
•Connie"), three male cats ("Ben•, "Marty•, and "Bruno"), and four male 
ferrets ("Hansel", "Bob", •Jeremy•, and "Clyde") were studied for 
varying periods during 1988. The term 'home range' is used according to 
Burt's (1943) definition restated by Jewell (1966): "home range is the 




Sirtrack V1 transmitters were used for tracking feral cats (Fig. 2.4). 
FIGURE 2.4 Transmitters used for radio-tracking feral cats 
Each transmitter was imbedded ('potted') in a weather resistant epoxy 
resin coating and became activated by the removal of a small magnet 
taped to the transmitter coating. The weight of such a unit with a 
Varta 2/3A battery cell was 44g (approximately 10/o of the cat's body 
weight), and had an expected life of approximately one year. Each 
potted transmitter was incorporated into an adjustable leather collar 




SS-1 Biotrack 'long-life model' transmitters were used to track ferrets 
(Fig. 2.5). 
FIGURE 2.5 Transmitters used for radio-tracking male ferrets 
Each transmitter was potted in a streamlined shape of epoxy resin. A 
potted transmitter with battery cell weighed 7.6g (approximately 10/o of 
the male ferret's body weight) with an expected life of approximately 90 
days. Two exposed wires on the side of the transmitter were soldered 
together to activate the tag. A harness system, comprising of two 
plastic electrical ties padded with a one centimetre strip of rubber, 
was used to attach the transmitter between the ferret's shoulder blades. 
The transmitter aerial was wound between one tie and tubing, protecting 
it from catching on the vegetation and other sharp objects. 
B) RECEIVER and AERIAL 
A CE12 telemetry receiver with a 3-element hand held Yagi aerial was 
used. The receiver was housed in a 22 x 1 O x 10.5 centimetre aluminium 
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case, weighing approximately 1.35 kilogrammes. 
C) TRAPS 
Animals needed for radio-tracking were caught by live-trapping in baited 
cage and box traps. Wire cage traps had dimensions of 600mm long, 300mm 
wide, and 300mm high. The trigger mechanism was a bait hook which 
triggered the raised door to shut when pulled. A wire bar slid down 
runners, locking the door in position. To speed up the action of the 
door closing and locking, rubber bands were stretched from the locking 
bar down each side of the cage and attached to the floor. The size of 
the mesh (25mm x 12mm), was narrow enough for these cages to catch all 
age groups of cats and ferrets, but was too wide for stoats. Grass and 
tussock was laid on the floor to eliminate the alien feeling of the wire 
floor on the animal entering the cage. 
Two smaller wire cages and eight wooden box traps were used for the 
exclusive capture of mustelids. The wire cages measured 400mm long x 
140mm wide and 140 mm high; the box traps measured 480mm long x 150mm 
wide x 150mm high. The trigger mechanism for both types was a treadle 
plate on the floor which caused a spring mechanism to release and close 
the door. The mesh on the wire cages (25mm x 12mm) allowed all age 
groups of mustelids to be caught. 
The bait used in all live traps included lagomorphs (rabbit and hares), 
possums, birds, mutton and goat flesh, and fish. The use of sheep and 
goat flesh was only successful in enticing predators into a cage during 
the winter months. Bait effectiveness suggested that predators showed a 
preference in the following order: 
lagomorph >> possum > bird > sheep/goat flesh > fish. 
Captures using the cage traps also provided an indication of other 
predators living within the area of radio-tracked animals. These 
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animals were released after either being recorded by visual description 
or ear marked for later recognition in the event of recapture. 
When animals are caught using cage traps, many studies have commented on 
the effect of cages on the animal's behaviour and 'catchability' (Moors 
and Lavers, 1981; Nichols and Pollock, 1983). It is expected that there 
should be different responses among predators owing to individual age 
and sex related differences (Pierce, 1987). 
D) ANAESTHETIC 
Feral cats and ferrets that were to be used for radio-tracking were 
anaesthetised to allow a radio-tag to be fitted and body measurements to 
be taken. A simple method of chloroform inhalation was used. 
With the animal in the cage or box trap, a large dark plastic bag (with 
a viewing window fixed into one side) was pulled over the cage (Fig. 
2.6). 
FIGURE 2.6 Anaesthetising 'chamber' used for feral cats and ferrets 
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One or two rags were soaked in chloroform and placed in the bag; the bag 
was then tied shut. The animal was viewed through the window until such 
\ time as it became lethargic and lay on its side. For cats this took 
between 10-25 minutes, and for ferrets between 5-10 minutes. The an(mal 
was then removed from the bag and cage for measuring and radio-tag 
attachment. For cats, about 10-15 minutes were available to carry out 
these operations; for ferrets however, only 3-6 minutes were available 
before the animal would make a serious attempt to escape. 
2-2.3 LOCATION METHODS AND POSITION SAMPLING USING 
RADIO-TRACKING 
Before tracking a radio-tagged animal, experience was gained finding 
stationary tags using methods explained in Kenward (1987). 
The polar diagram for the three element Yagi shows a marked signal peak 
along the line of the boom (the longest element), with a smaller peak in 
the reverse direction (Fig. 2. 7). 
along the line of the boom {the longest element), with a smaller peak in 
the reverse direction (Fig. 2. 7). 
FIGURE 2.7 Polar diagram for the Yagi aerial (drawing from Kenward, 
1987) 
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To take a bearing, the peak signal position was found and the gain 
control on the receiver turned down until the tag could only just be 
heard (Fig. 2.8A). 
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FIGURE 2.8A-D Radio-tag location methods using the Yagi aerial (drawing 
from Kenward, 1987) 
The aerial was slowly swung to one side until the signal disappeared 
(Fig. 2.8B), and then swung back so it could just be heard, a landmark 
was noted along the line of the antenna boom (Fig. 2.8C). This was 
repeated on the other side (Fig. 2.80). The tag bearing was the line 
that bisected the angle between these two directions. 
Estimating tag distance and position was done by noting the gain 
required to just detect the signal, and then walking slowly towards the 
tag with the aerial held for peak reception. The signal increased in 
strength quite rapidly as the transmitter was approached. A point was 
eventually reached where the signal could just be detected with the 
minimum gain setting. At this stage, if I required a more precise 
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location, the external aerial was disconnected. The internal aerial of 
the receiver could indicate that cat transmitters were within 20 metres 
of the receiver, and that ferret transmitters were within 8 metres. 
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After a first bearing was obtained on a tagged animal, sites were chosen 
to obtain further cross bearings to triangulate the tags position. 
These sites were usually on top of the highest schist tors in the 
immediate area. 
A considerable degree of observer stealth was required. Dull soft 
clothing was worn to reduce noise while moving through the vegetation. 
Approaches were made up-wind, moving in as much cover as possible, and 
an attempt was made to anticipate the movements of the animal to avoid 
leaving ones scent across its path. 
During daylight hours, radio fixes were obtained at various times 
throughout the day. The duration of time spent on one animal at any one 
time varied between 1 O minutes and five hours. Visual observation of 
tagged animals was aided by the use of Tasco 20 x 1 O binoculars. The 
position of the radio-tagged animal was noted in a field book along with 
the time, a description of surrounding vegetation, cloud cover, wind 
strength and direction, plus any other information relating to the 
animal or habitat. Later, these positions were marked on maps, which 
were drawn from aerial photographs (scale 1 :4000 and 1 :8000). 
For night tracking, blocks of up to 1 O nights per two month tracking 
period were sampled for each animal. A single radio fix of the animal's 
location was obtained at 1800, 2100, 2400, 0300, and 0600 hours(+/- 30 
minutes). For any one particular animal, only every third night was 
worked and if it was raining heavily, extremely cold or very windy, 
tracking was abandoned as initial efforts of radio-tracking feral cats 
and ferrets indicated little activity during these weather conditions. 
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2-2.4 OTHER METHODS OF TRACKING 
A) FLUORESCENCE TRACKING 
This is a relatively new technique for studying the movement of small 
mammals (Lemen and Freeman, 1985). It entails the use of a fluorescent 
pigment rubbed into the pelage of the animal to be studied. The 
'dusted' animal will then leave a trail of fluorescent pigment as it 
brushes against the vegetation. This trail is then illuminated with the 
use of a U. V light. 
The fluorescent pigment used in this study was practical Anthracene. 
Anthracene is chemically stable and may be suspended in organic solvents 
or passed through the digestive system of an animal without harm to the 
animal or luminescent characteristics of the pigment (Lemen and Freeman, 
1985). The U.V light source was provided by an Eveready Economy 
Fluorescent/Spotlight Lantern No. 97 with a fluorescent tube. 
Caged animals were anaesthetised, measured and weighed. Liberal amounts 
of powder was rubbed over the animal's pelage, making sure that the 
powder was rubbed deep into the under fur. Upon the animal awakening, 
it was followed to its den and left alone. Early the following morning 
(while still dark), searches with the U.V torch were made for the 
fluorescent trail left by the animal leaving the den. The torch beam 
was moved slowly back and forth over the ground to cover a large area 
and to utilise the afterglow properties of the pigment. 
This technique was attempted on one female and one male ferret during 
the August/September tracking period. Pathways left by the pigment 
could not be followed beyond 30 metres. Both animals maintained a 
straight path away from the den. There were problems in tracking the 
animal for any distance as the U.V torch did not project a strong enough 
light spot. Because the Anthracene pigment that was used did not 
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fluoresce very strongly, a lot of time was spent retracing ground to try 
and pick up the trail. 
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B) SNOW TRACKING 
At Macraes Flat, from 19th-25th June it was possible to carry out snow 
tracking. Marker pegs were used to create a detailed map of movements 
of radio-tagged animals (two cats, Shiela and Bruno; two ferrets, Hansel 
and Bob) and other 'foreign' mammalian predators moving within the home 
range of radio-tagged animals. These results are combined with the 
radio-tracking data. There is a source of error in these results in 
that I may have unknowingly counted one animal's tracks twice, and 
missed counting some animals due to areas not being searched. 
Since the combined duration of tracking periods was never greater than 
22 weeks for one animal, it was not possible to study long term 
parameters such as survival and reproductive success. 
It is likely that the possible short term effects of radio-tracking on 
an animals behaviour were of major importance. A consideration of these 
effects is especially pertinent to studies of ferrets which 
traditionally hunt underground, since it is in this environment that a 
transmitter package is potentially most disruptive to speed and agility. 
2-3.1 HOME RANGE 
To measure the area of a radio-tracked animal's home range, a square 
grid was superimposed on a map of the study area, dividing it into a 
number of small cells. Grid square size should be no smaller than the 
resolution of the tracking equipment (Voigt and Tinline, 1980; Kenward, 
1987). Because the feral cat tags could be located from a greater 
distance, these determined the resolution. During day tracking, the 
feral cat tags could only be located (with any certainty) within an area 
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of 20m . For night tracking the added uncertainty increased this area 
to a size of 60m . To have a uniform method for both types of 
radio-tags in a 24 hour period, grid cells were scaled to 60m~ 
If an animal was observed at any time within a cell then the whole cell 
was regarded as part of the home range. The simplest way to assess 
range area and position is to draw the smallest possible polygon around 
the outermost cells that the animal was observed in and count the number 
of cells within its boundary. This is termed as the minimum area 
polygon method, and is the most widely used method for determining home 
range size as it is easy to understand, and requires fewer assumptions 
compared with other home range determination techniques. 
2-3.2 HABITAT UTILISATION 
A) HABITAT FREQUENCY UTILISATION 
The frequency with which certain parts of an animals home range was used 
was determined by a frequency utilisation map. Using the same grid 
system as for home range size and shape determination, a count was made 
of the number of times an animal was found in each cell. Different 
colours were used to signify the degree to which these areas were used 
by the animal. It was assumed that areas of high usage would correspond 
to places of importance e.g. den sites, or feeding areas. 
B) DEN SITES 
Once a den was located, it was photographed, its position marked on a 
map, and the vegetation and surrounding features described. At one site 
a ferret den was excavated to measure the dimensions of a den. A 
rectangular grid was laid out on the ground over the entrances to the 
den, and the perimeter marked off at one metre intervals. All entrances 
were dug back and initially explored by feeling or pushing a stick down 
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the tunnels to find the direction of construction. Trenches were then 
dug to expose the den to allow measurements of depth, width and distance 
of the chambers and tunnels. 
C) PREY AVAILABILITY AS RELATED TO HABITAT UTILISATION 
i. Lizard counts 
Once an animal had begun to be radio-tracked, the area was searched to 
determine where the number of lizards was greatest. Only the census 
figures are given for areas where radio-tracked animals were studied. 
Lizard numbers were counted by using a simple method of searching in 
crevices and cracks in large rock outcrops and by the careful lifting of 
smaller rock slabs. Additional surveys were undertaken on hot or calm 
days using binoculars. Certain rocks were lifted or used for 
observation counts twice during each bi-monthly tracking period, and the 
numbers counted were averaged for that period for each rock outcrop. 
Areas were identified within an animals home range where lizard numbers 
appeared to be particularly high, and were called lizard 'hotspots'. A 
hotspot was an area that had counts of lizards between 10-20 individuals 
per square metre. Hotspots were marked on a map and the radio-tracked 
animal's frequency usage and tracking data were superimposed on this map 
to try and give an indication of the possibility of contact between 
radio-tracked predators and lizards as indicated by high numbers of 
radio-locations within hotspot areas. 
This method of census can only, at best, be described as coarse. 
However, it still provided a surprisingly good if labour intensive way 
of locating areas of high lizard concentrations. Lizards living within 
the vegetation would have remained uncounted with this technique, 
however such an error had to be accepted due to the available time and 
effort required. Other conditions affecting counts within an animal's 
home range were the weather, the number of 'liftable' rocks, and the 
time spent searching each area. However, after the hotspots were 
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identified, I was only concerned with relative numbers of lizards and 
not definite numbers. 
ii. Rabbit scrapes/warrens, and dead stock positions 
Within the home range of each radio-tracked animal, positions were 
marked on maps drawn from aerial and topographical maps of dead stock 
locations (sheep, cattle, and goat carcasses) that were considered to be 
useful as food for that particular radio-tracked animal. Areas where 
large concentrations of rabbits were particularly evident, the locations 
of rabbit burrows, and areas showing evidence of rabbit scrapings were 
also marked on the map to provide an indication of habitat usage by 
rabbits. An area utilised by one radio-tracked male feral cat (Bruno) 
was periodically spotlighted in order to count the number of rabbits and 
hares. The spotlight enabled a 30 metre arc to be searched from the 
back of a four wheel drive vehicle. 
iii. Snow tracking 
Between the 19th-25th June the pathways of certain prey species such as 
rabbits, hares, mice and birds were revealed in the snow in areas 
utilised by four radio-tracked animals (two cats, Shiela and Bruno; two 
ferrets, Hansel and Bob). 
iv. Rodent trapping 
General knowledge and preliminary trapping for mice and rats indicated 
few or no rats, therefore efforts were concentrated on sampling the mice 
population. Trapping for mice was carried out to give an index of their 
numbers in the habitats of certain radio-tracked animals. A total of 30 
Ezeset "Supreme" mouse traps were set for four consecutive nights in an 
area used by both a female feral cat, 'Shiela', and a male ferret, 
'Bob'. Another line was set in an area used by both a male feral cat, 
'Bruno', and another male ferret, 'Hansel'. Each trap line consisted of 
15 trap sites, each with two traps, spaced 25m apart. Traps were placed 
under natural cover e.g. tussocks, scrub, or rock ledges. A stiff 
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mixture of peanut butter and rolled oats was used for bait on the mice 
traps, and was renewed every second day. Traps were checked early every 
morning and each trap was recorded as being sprung or unsprung and 
whether or not the bait had been removed. A note of the previous nights 
weather was also recorded. 
2-4.1 SCATS-STUDY AREA and PERIODS 
All feral cat and ferret scats seen in the field were collected and 
stored dry in plastic screw top containers and labelled with the date 
and location of collection. Each scat heap, which may consist of 
several faecal pellets, was regarded as a single specimen. Searches 
were made along stock tracks, around den sites, buildings, vehicle 
tracks, and the banks of rivers, streams and dams. 
In the laboratory each scat was soaked in a commercial pre-wash solution 
(Try-zyme) for up to seven days. Each scat was then individually sieved 
(mesh size 2mm, 250µm). A binocular microscope (10-40x) was used to 
assist in the process of separating the diagnostic fragments (as 
identified from reference material) of prey remains. These fragments 
were separately stored in a small glass vial and stored with the rest of 
the scat content. 
Remains of mammals were identified from bones or teeth, or when these 
were inadequate, from hair (Day, 1966). If the quality of the remains 
were good enough to allow the number of individuals to be counted for 
each scat, then the most commonly occurring bone (e.g. tooth, jaw or 
long bone) was counted to provide the minimum number of individuals 
represented by the remains. If only the hair was present in the sample, 
then a presence or absence indication was recorded. The hair of rabbits 
-24-
and hares could not be separated. The higher number of rabbits as 
compared with hares in the area and the knowledge that both feral cats 
and ferrets prey heavily on rabbits meant that in the following analyses 
lagomorph prey remains were assumed to be that of rabbits. Although 
hair from the two species is regarded as indistinguishable, no hard 
remains (bones, teeth, or claws) could be identified as that belonging 
to hare. 
Lizard numbers were identified from the most commonly occurring skull 
bone or paws, identified using reference skeletons. No diagnostic 
distinction to enable the separation of small giant skinks and common 
skink remains could be found, therefore there is a possibility that the 
number of small (young) giant skinks taken as prey by feral cats and 
ferrets has been underestimated. The adult giant skinks were able to be 
recognised from their larger bone size. 
Bird remains were identified to order level using the methods described 
by Day (1966). Tony Harris from the Otago Museum identified the 
invertebrate prey remains, and the numbers per scat were again counted 
by the most commonly occurring hard structure, usually the head capsule. 
Any vegetation found in the scats was considered as of no nutritional 
importance and was therefore disregarded. 
Results are presented as the frequency of occurrence of a given prey 
type calculated as a percentage of the total number of scats containing 
recognisable food remains. Frequency of occurrence has been criticised 
as a means of estimating prey species in that if rabbit remains along 
with an insect wing were found in a stomach or scat , each item would 
score equally when presenting the data as frequency of occurrence (Day 
1968). This method is however the most commonly used method for 
presenting diet results in predator studies and for this reason was used 
for this study also. 
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2-4.2 DIGESTIVE TRACTS-STUDY AREA and PERIODS 
Digestive tracts of feral cats and ferrets were collected for food 
analysis during four months (January, April, July, October) of 1988. 
Three study sites around Middlemarch were used for this portion of the 
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FIGURE 2.9 Map showing the main study areas in the Middlemarch region 
used during the collection of predator digestive tracts 
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A) TUSSOCK HABITAT 
The Rock and Pillar Mountain Range is characteristic of the Otago block 
mountain landscape. It has a north-east/south-west orientation with 
steep slopes to the south- east and gentle slopes to the north-west (Fig. 
2.10). 
FIGURE 2.1 O Typical dense tussock habitat on the Rock and Pillar 
Mountain Range 
The area is dominated by tall tussock grassland (Chionochloa spp.), hard 
tussock (Festuca novae-zelandiae), and silver tussock (Poa cita). The 
tussock grassland is subject to periodic burning and moderate grazing 
pressure by farm stock. Remnants of native trees/forest such as 
broadleaf and tree fuchsia (Fuchsia exorticata), plus gorse provide 
dense cover within the often steep sided gullies (Whitaker, 1987). 
There is an abundant population of common skinks and geckos inhabiting 
the tors of this mountain range. Dense populations of lizards were 
found in the tor studded upper reaches of the Range. In the mid to 
lower reaches of The Rock and Pillar Range, lizards were less abundant, 
possibly as a result of the lower amount of rock outcrops. To date no 
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giant skinks have been found in this area, although researchers believe 
that at one stage these skinks must have inhabited this area. Local 
knowledge suggested feral cat and ferret numbers were low in the upper 
reaches of the mountain range (this was confirmed with trial trapping), 
therefore this study was concentrated below the altitude of 600 metres. 
B) PASTURE HABITAT 
Pastureland lying at the foot of the Rock and Pillar Mountain Range was 
used as a study site (Fig. 2. 11 ). 
FIGURE 2.11 Typical pasture habitat lying at the foot of the Rock and 
Pillar Mountain Range 
Indigenous plants have been almost completely replaced by pasture 
species and exotic weeds. Most stream beds are scrub filled and shelter 
belts of pine trees and gorse are also present. The intensive farming 
in this region means there is a high occurrence of stock and associated 
farm structures e.g. fences, hay stacks, and buildings. Rabbit numbers 
are seasonally high and variable, with the 
greater concentration of these animals associated with gorse 
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hedges/patches or scrub filled gullies. Lizards are present, but only 
in very low numbers. Rock tors are sparse, and many of the weathered 
rocks have been removed from the fertile paddocks, therefore lizard 
occurrence is concentrated to rock walls and under rocks found along the 
higher reaches of stream banks. 
C) SEMI-ARID HABITAT 
The steep faced shallow gullies are dominated by matagouri (Discaria 
toumatou), although briar (Rosa rubiginosa), and gorse are also present. 
Hawkweed (Hieraceum pilosella) is well established on the dry tussock 
grassland. Although only one or two kilometres away from the tussock 
and pasture habitats, the climatic conditions affecting this area can be 
totally different. This results in the area having less rainfall, and 
coupled with quick draining soils, it is more typical of the semi-arid 
conditions found in further inland regions of Central Otago (Fig. 2.12). 
FIGURE 2.12 Typical semi-arid habitat in the Middlemarch area 
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The region is home to high numbers of rabbits, hares, common skinks and 
geckos. Although giant skinks have not been sighted in the area used 
for the present study, they have been found in identical habitat further 
south-east. 
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2-4.3 TRAPS AND TRAPPING METHODS 
a) TRAPPING STRATEGY 
Padded leghold and kill traps were used to collect individuals from the 
f era I cat and ferret populations living in each habitat. Traps were set 
to collect a minimum of five predators (cats+ ferrets) per month within 
each habitat. Trapping was discontinued after this number was obtained. 
Such a limit of animals was set for this study for two reasons: 
1/ Time restrictions. Preliminary field work indicated that within 
the time available each month, only five animals could realistically 
hoped to be obtained from some areas, in particular the tussock habitat. 
The effort required to single handedly trap three areas simultaneously 
meant that only a certain number of traps could be operated efficiently, 
thus further restricting the size of the area able to worked. 
2/ Limited rabbit board operations in the area meant that farmers and 
other residents saw the predators as carrying out an important role in 
keeping rabbit numbers down (even if this theory is of questionable 
scientific truth). One local resident is still importing cats onto his 
farm in the belief that this will eradicate his rabbit population. 
Therefore to keep harmony with the residents, coupled with the unknown 
factor of predator numbers in the area (i.e killing off most predators 
in the first month of trapping), I had to try and find a balance of 
numbers to suit both parties. 
This imposed analysis restrictions on the results. Seasonal and sexual 
differences could not be analysed because of the low sample size number. 
However, it was hoped that the combined results of such a trapping 
programme during 1988 would give an indication of gross diet trends 
between the different habitats used by feral cats and ferrets. 
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B) TRAP SITES 
The area within each trapped habitat varied due to the local topography. 
Traps were set on stock tracks or on suspected walkways within the 
vegetation. Other trap sites included positions along fence lines, 
gorse patches, dense patches of gorse or scrub, and hay stacks. 
C) TRAP TYPES 
i) Leghold traps 
The leghold traps used during this study were the common Gin and 
Northwood (Victor) traps. Traps were padded with Stick-a-seal tape to 
eliminate the damage and lessen the stress caused during the capture of 
targeted and non-targeted animals. Non-targeted animals were able to be 
re-released unharmed. A combined total of up to 120 leghold traps were 
set at any one time. 
Setting of these traps involved trap burial. After the trap was 
secured, the soil was scraped away to a depth of 8cm in the profile of a 
set trap (Fig. 2.13). 
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FIGURE 2.13 Diagram showing the shape of cavities allowing the burial 
of leg-hold traps 
The set trap was then placed in this cavity and buried by placing a 
rectangular piece of newspaper 150mm x 90mm, so that it covered the 
locked trap jaw, the treadle plate, and passed under the freely moving 
jaw. Fine dirt and tufts of grass were sprinkled in an even layer over 
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the paper and trap until the whole trap was completely covered. Trap 




ii) Kill traps 
The Kaki and Fenn were the two types of kill traps used for this study. 
Fenn traps were only used during January and then discontinued due to 
the greater success and ease of setting of the Kaki and leghold traps. 
Five Kaki traps per habitat were set during any one month. The beauty 
of this trap allows bait to be used as an attractant for predator 
capture, but renders the animal useless before the bait can be eaten and 
thus interfere with dietary analysis. 
The Kaki trap is made of two P. V.C cylinders (Fig. 2.14), one sliding 
within the other. 
FIGURE 2.14 A set Kaki trap 
When set, the hole in each cylinder meets, allowing access to the bait. 
When the animal reaches in to grab the bait with its mouth, the inner 
sleeve is released upward in a forceful manner, grasping the animal by 
the neck. Chunks of rabbit, hare, or possum were skewered on the bait 
arm and wire U-shaped stakes were used to anchor the trap to the ground. 
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Sticks were placed on the top of trap to prevent the animal reaching the 
the bait from the top and not through the head-holes. No special care 
was taken to camouflage this type of trap, although blood was smeared 
around the head hole entrance as a lure. 
2-5.1 MEASURING PREDATOR ABUNDANCE 
Animal numbers from the three different habitats used in the present 
study can be expressed as the number of animals caught per 100 trapping 
nights (called 'capture efficiency') using a modified equation to that 
described by Nelson and Clark (1973): 
CE=Ax100 
TU-S/2 
TU= P x N 
CE = the number of animals caught per 100 trap nights (or capture 
efficiency) 
A = number of animals of the desired species caught 
S = number of sprung traps by targeted and non-targeted animals, as 
well as sprung but empty traps. 
TU = trapping units 
P = number of trapping intervals 
N = number of traps 
Analysis of variance (ANOVA) was carried out on the capture efficiency 
values to determine the statistical significance in the variation of 
captures between habitats. 
2-5.2 EXTERNAL MEASUREMENTS OF FERAL CATS AND FERRETS 
Feral cats and ferrets captured for diet analysis were killed and stored 
in a freezer until laboratory analysis. 
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External characteristics recorded were coat colour, various body 
measurements, reproductive condition and body weight. 
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As the tabby coat colour was very prominent in the sample of feral cats 
caught, a further subdivision of tabby colour was undertaken. Tabby 
coat colour for cats was described according to the guidelines and 
drawings from Pond and Rawleigh (1979). 
Striped Spotted Classic Abyssinian 
FIGURE 2.15 Coat pattern categories for the tabby colour of feral cats 
Commercial ferret (fitch) breeders recognise four types of ferret coat 
colour (Burberry 1982). The 'standard' colour is identifiable by its 
black legs and black guard hairs patterned along the black and a creamy 
underfur. Pastel coat colour has legs and guard hairs of dark brown 
over the white underfur. Albino coat colour has a creamy yellow to 
white fur all over the body and face with the individual having red/pink 
eyes. The dawn coat colour has feet and guard hairs of pale brown to 
fawn. 
Each predator was weighed to the nearest 250g by hand held spring 
scales, and body measurements to the nearest 5mm, were taken of: 
1/ Head and body (tip of nose to anus). 
2/ Tail (from anus to tip of caudal vertebrate, excluding hair). 
3/ Right hind foot (from the posterior edge of the heel bone to the 
tip of the longest toe, excluding claw). 
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2-5.3 FOOD ANALYSIS 
Contents from the stomach and intestine of each individual were combined 
and considered as a single digestive tract. Prey identification, 
compared against reference material, was undertaken after washing and 
separating the contents over sieves (2mm, 250µm, 63µm). Often the 
contents from one individual was so sparse that it was possible to 
examine the remains directly in the sieves, otherwise a binocular 
microscope was used in the way described for scat analyses. Frequency 
of occurrence of a particular prey type was calculated as a percentage 
of the total number of digestive tracts containing food. 
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From the Macraes Flat study area, 11 cats and 25 ferrets were caught for 
the purpose of radio-tracking. From this group of animals, five cats 
and four ferrets were radio-tracked during the study period. Of the 
feral cats, two were females, 'Shiela' and 'Connie'; three were males, 
'Ben', 'Bruno', and 'Marty'. The four ferrets were all males, 'Hansel', 
'Bob', 'Clyde', and 'Jeremy'. 
3-1.1 STUDY DURATION AND FATE OF EACH RADIO-TRACKED ANIMAL 
Throughout the year the tracking period for each animal was of a 
variable length (Table 3.1) due to the timing of capture coupled with 
equipment failure (Shiela and Bruno), animals unable to be relocated 
(Clyde, Jeremy, and Hansel) or being found dead (Connie and Ben). 
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TABLE 3.1 Radio-tracking history and fate of all radio-tracked 
predators 
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* - Capture date -DDied -F Transmitter Failure 
-R Transmitter Retrieved -L Last Fix (transmitter not retrieved) 
J=Juvenile A=Adult 
3-1.2 RESPONSE OF ANIMALS TO WEARING RADIO-TAGS 
Upon release at their point of capture, radio-tagged feral cats would 
travel up to a kilometre and seek shelter in a den and would remain 
within this recovery den for up to 48 hours. Three radio-tagged feral 
cats were observed scratching at their collar moments after release; one 
cat was seen to perform a variety of head tossing, neck and back arching 
movements in an attempt to rid itself of the collar. Cats sighted two 
days after being attached with a radio-tag failed to show any sign of 
still being aggravated by the collar. Of the animals recaptured for 
transmitter retrieval, none showed any changes of body weight often 
associated with stressful wearing of radio-tags. 
Radio-tagged ferrets also fled to a recovery den. But the time they 
would remain in this den varied from between five minutes and 18 hours. 
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One male ferret, upon recovering from the effects of the anaesthetic was 
observed to run into a nearby den, drag out a decomposing hedgehog 
carcass and alternate between eating it and dragging it through the 
vegetation, before eventually abandoning it. 
Home range data were not recorded until each animal had vacated its 
chosen recovery den. 
3-1.3 HOME RANGE SIZE AS DETERMINED BY THE POLYGON METHOD 
TABLE 3.2 Home range size as determined by the polygon method 
N2 of separate Home range area (km2) 
Species Name Sex radio-locations 
Cat Shiela F 168 1.45 
Cat Connie F 35 0.52 
Cat Marty M 42 1.80 
Cat Bruno M 37 2.00 
Ferret Bob M 45 0.68 
Ferret· Hansel M 49 1.20 
Ferret Clyde M 35 0.94 
Female feral cats had smaller home ranges than male cats, but Shiela had 
a larger range than all three male ferrets radio-tracked (Table 3.2). 
Connie, the female cat living around farm buildings had the smallest 
home range of any radio-tracked animal. Male cats had the largest home 
range recordings. Shiela, the female cat living in tussock habitat, had 
over three times as many locations recorded for her than any other 
animal. Two animals, one cat, 'Ben', and one ferret, 'Jeremy', were 
located too few times for the determination of home range size before 
being found dead on the road (Ben) or disappearing (Jeremy). 
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3-1.4 FEMALE CATS 
A) SHIELA 
Date captured: 19-02-88 
Head and body length: 434mm 
Tail length: 142mm 
Right hind foot: 71 mm 
Weight: 3500g 
Home range size: 1.45 kmz 
FIGURE 3.1 Shiela 
Shiela, an adult tabby female cat, had previously been sighted 20m from 
the capture sight in December 1987 and was therefore regarded as a 
resident animal (Fig. 3.1 ). When Shiela was first trapped, a juvenile 
cat was seen sitting on top of her cage. However this cat was not 
observed with her on any subsequent sightings. Shiela was the only 
animal that was able to be tracked during each radio-tracking portion of 
1988, therefore she had the most information gathered about her than any 
other radio-tracked animal. Throughout the year Shiela lived 
exclusively in the tussock grassland of a large steep valley and once 
- 42 -
her transmitter failed in November she was not able to be recaptured. 
I. HOME RANGE SIZE AND SHAPE 
The largest area incorporated by radio-fixes, and the furthest fixes 
located to the south and east, was obtained during the February/March 
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FIGURE 3.2 Figure showing the home range shapes and sub-habitat of 
Shiela as recorded during 1988 
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Radio-fixes for the May/June fixes period a more even pattern of single 
locations within her home range boundary. The smallest area 
incorporating radio-fixes was recorded during the combined period of 
August/September and November, and the most northern radio-fixes were 
recorded during this period, the result of when she was seen with a male 
feral cat. 
The boundaries of Shiela's home range crossed the Waikouaiti River and 
it is assumed that she used exposed rocks and gravel stock bridges to 
cross this body of water. Throughout the latter half of the year the 
study area was experiencing a drought and more rocks would have been 
available for use as crossings. 
Throughout the year, nine ferrets, one stoat, and three cats were seen 
or caught within Shiela's greater home range area. Of these, it was 
determined that five ferrets and one cat occupied certain portions of 
Shiela's home range during various periods of 1988. 
II. HABITAT UTILISATION IN RELATION TO LIZARD AND OTHER FOOD TYPE 
DISTRIBUTION 
i ) Lizard distribution 
Six lizard hotspots were found within the area utilised by Shiela 
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FIGURE 3.3 Prey distribution and index trap lines within Shiela's home 
range boundary 
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The hotspots corresponded to the largest outcrops in the area. The 
outcrops were extremely weathered, with many deep crevices and 
exfoliated slabs providing good habitat for lizards. Five hotspots were 
on either the sunny slopes (north facing side of valleys), or on the 
ridge crests. One hotspot was found during February/March on the 
shadier south facing side of the valley in very dense and tall tussocks. 
This area had low (less than 2 lizards per square metre) throughout the 
rest of the year. The months of February and March were periods when 
lizard numbers were found in the highest numbers. Many skinks were seen 
basking themselves on the rocks and many were seen moving within the 
vegetation. The highest numbers of individuals found under the rocks 
were also counted during this period. During May and June, the lowest 
numbers of basking individuals and those living under rocks were 
counted. August and September had low basking numbers but high numbers 
living under the rocks. In November and December, there were a high 
number of individuals basking on rocks but low numbers were counted 
under rocks. 
ii) Rodent trapping 
Capture efficiency for mice was highest in the autumn period (10.50 
individuals per 100 trap nights) and lowest in the winter period (1.50 
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FIGURE 3.4 Capture efficiency of mice as an index of availability 
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The trapline set in the more sheltered denser tussock (T2), had a lower 
capture efficiency during summer and autumn compared to the trapline set 
in the sparse tussock on the dry, exposed ridge (T1), but statistically 
was not significant. 
iii) Dead stock and rabbit scrapings 
Most dead stock carcasses were found within rock outcrops or at the 
bottom of gullies (Fig. 3.3), indicating that the animal had retreated 
to these areas for shelter just before dying. 
Rabbit scrapings were numerous throughout the area, with the greater 
concentration occurring around the dry, bare ridge crests and beside the 
cleared fence lines. 
iv) Snow tracking 
Snow tracking was carried out during 6 days in June in an area (of 
approximately 1.5 km ), frequented by both Shiela and Bob. Counts are 
an approximation only, as some portions of the area were not studied and 
repeated recordings of the same individuals tracks may have occurred. 
The ratio of rabbits to hares appeared to be around 9: 1 in favour of 





Ill. FREQUENCY OF HABITAT UTILISATION 
The areas of high frequency usage corresponded to sites that Shiela used 
for dens (Fig. 3.5). 
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FIGURE 3.5 Shiela's habitat frequency map 
-49-
Shiela utilised existing cavities within the rock outcrops for dens. 
Although she had four main den sites, many other areas could be 
described as temporary refuges. These were under rock overhangs or in 
dense tussock clumps. The main dens were located in areas of high 
rabbit occurrence and close to three lizard hotspot areas. A frequency 
count of three or more corresponded to areas with large rock tors, but 
the exact nature of Shiela's activity in these areas could not be 
determined. Single sightings of Shiela scavenging on dead stock 
carcasses was seen on three separate occasions. 
Shiela favoured certain areas within her home range. The area of dense 
tussock on the south facing slope was only visited at one specific site, 
which appeared to be a den site. Shiela concentrated her time mainly on 
the sunnier north facing slopes and bare dry ridges. 
These maps provide some evidence that certain rock outcrops are favoured 
as den sites at different times throughout the year. Shiela would stay 
in one particular rock outcrop for up to four consecutive days and 
nights before shifting to another for a variable period. 
Activity (as signified by a shift in position between two successive 
radio-locations, see Appendix 3. 1) was recorded most during night 
tracking surveys. Shiela appeared to have her greatest periods of 
activity around sunset and sunrise. However, stationary locations made 
during the day could well have been made when Shiela was adopting the 
'sit and wait' hunting technique. Shiela appeared to be more active 
during February and March and least active during spring (September and 
November results combined). The period of inactivity corresponded to 
about one month after she was seen in mid August in the company of a 
male feral cat, and thus may be related to her reproductive condition at 
that time. 
Because of the erratic nature of daytime radio-locations, measurement of 
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distances travelled in any one day could not be determined. For night 
tracking, the longest straight line distance travelled between 
consecutive three hour radio-fixes was 560 metres. On other occasions 
Shiela would spend a whole night within the same outcrop/area without 
any apparent movement. Pathways used to travel about on where 
predominantly stock tracks. Even when snow obliterated all trails she 
would still use these traditional routes. Fence lines and four wheel 
drive tracks were also used if they were available. 
B) CONNIE 
Date captured: 29-02-88 
Head and body length: 400mm 
Tail length: 130mm 
Right hind foot: 70mm 
Weight: 2750g 
Home range size: 0.52 kd'-
Connie, a female tabby feral cat, lived around farm buildings and the 
surrounding pastureland (Fig. 3.6). She was the only animal to be 
radio-tracked around human dwellings, and the majority of 
radio-locations for Connie were associated with farm buildings. 
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FIGURE 3.6 Connie's habitat frequency map, sub-habitat and prey 
distribution map 
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No lizard hotspots were found within the area of Connie's home range, 
nor were rabbits or rabbit sign particularly abundant. It was assumed 
that she gained the majority of her food from capturing rodents that 
inhabited the farm buildings, from scavenging off dead farm stock, 
household scraps, and meat left to thaw for the farm dogs. She was 
observed on two separate occasions to travel along gullies, keeping 
within the tussock vegetation, and systematically feed from three 
separate sheep carcasses. Connie would use stock tracks, or any linear 
perimeter e.g. fence lines and buildings to travel through the habitat. 
The greatest distance she travelled in a three hour night tracking 
period was 540 metres, but she seldom moved further than 300m from her 
main den site in a haybarn. Connie had hollowed out a cavity within the 
hay measuring 45cm in diameter. 
Connie appeared most active from early to late evenings, but she as she 
was only able to be radio-tracked for three nights, little more could be 
determined about her activity patterns (Appendix 3.2). A male feral 
cat, and three house cats shared parts of Connie's home range. 
3-1.5 MALE FERAL CATS 
To avoid unnecessary repetition of similar activities described for 
both male cats, traits that were similar to both animals will be 
described under either male cat's name. 
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A) BRUNO 
Date captured: 21-05-88 
Head and body length: n5mm 
Tail length: 290mm 
Right hind foot: 112mm 
Weight: 3000g 
Home range size: 2.00 km~ 
Three lizard hotspot areas were found within Bruno's home range (Fig. 
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FIGURE 3.7 Bruno's habitat frequency map, sub-habitat and prey 
distribution map 
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It appeared that Bruno used only one outcrop for a permanent den, but 
used many sites on a more casual basis. He shared his home range with 
one radio-tracked male ferret, and at least one other male and female 
ferret. Three other male feral cats were seen or captured within 
Bruno's home range, but these animals appeared to be transients as they 
were never recaptured. 
Spotlight counts of rabbits and hares (Fig. 3.8) showed an autumn peak 
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FIGURE 3.8 Seasonal spotlight counts of rabbits and hares 
.. .. 
Summer had the greater capture efficiency of mice (Fig. 3.9) in the area 
utilised by Bruno and a radio-tracked male ferret, Hansel. 
FIGURE 3.9 Capture efficiency of mice in Bruno's home range 
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Early morning and early evening were times of increased activity 
(Appendix 3.3). The maximum distance travelled between a three hour 
night tracking period was 780 metres. Movement within the habitat was 
made using stock tracks within the tussock, fence lines, and ditches to 
cross to the remnant tussock patches in the pastureland. Bruno would 
use the fringe of the tussock boundary to circumnavigate around an area 
of pasture. 
B) MARTY 
Date captured: 16-09-88 
Head and body length: 550mm 
Tail length: 310mm 
Right hind foot: 120mm 
Weight: 3250g 
Home range size: 1.80 km2-
Marty's home range did not appear to have any lizard hotspots 
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The largest sized rock tor in the area was where he had his most 
frequented den site. There were very few dead stock carcasses, and few 
noticeable rabbit scrapings or burrows. However rabbits and hares were 
present as they were frequently scared from the vegetation where they 
had been sheltering from the wind or sunning themselves on the sheltered 
side of the tussocks. Marty would also use either the stock tracks, 
fence lines, or the perimeter of tussock/pasture boundary. In such a 
habitat he would weave between the tussocks and venture occasionally on 
to the pasture grass. Any journey through the vegetation included long 
and frequent pauses. After rain or early morning dew, both Marty and 
Bruno appeared to favour areas where the closer cropped grass grew, 
probably because this did not wet their fur as much as brushing against 
the more water ladened tussocks. 
Both Marty and Bruno were more easy to observe during daylight hours 
than any other radio-tracked animal as they appeared to be either less 
wary or unbothered by my presence. Marty was observed on two separate 
occasions walking through his home range in mid afternoon. But overall, 
early morning and early evening (Appendix 3.4) were the more favoured 
periods. Two male ferrets were caught within the area used by Marty. 




To avoid unnecessary repetition of similar activities described for 
male ferrets, traits that were similar to all three animals will be 
described under either male ferret's name. 
A) HANSEL 
Date caught: 21-03-88 
Head and body length: 525mm 
Tail length: 162mm 
Weight: 1250g 
Home range size: 1.20 km.2. 
Hansel was periodically recaptured while wearing a radio-tag until he 
was found dead in late June. Hansel had two lizard hotspots (the same 
as those described for Bruno), but there was no indication that he 
frequented these areas (Fig. 3.11 ). 
During the winter Hansel appeared to continually feed from a dead sheep 
carcass lying 20 metres from his den (an abandoned rabbit burrow). 
After his dea~h this den site was dug up to measure the internal 
dimensions. The single tunnel that ended in a nesting chamber appeared 
to be used as a storage chamber for cached food (evidenced by decomposed 
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FIGURE 3.11 Hansel's habitat frequency map, sub-habitat and prey 
distribution map 
Well used ferret dens were easily recognised as they all occurred in 
rabbit burrows and each characteristically had a latrine within three 
metres of the entrance. A latrine usually comprised of many unburied 
scats, often in such a deteriorated state that individual scats could not 
be distinguished. 
For the period that Hansel was radio-tracked, he concentrated mainly in 
areas harbouring dead sheep carcasses, plus a haystack which 
periodically held high mice numbers (see Fig. 3.9). 
Hansel shared part of his home range with Bruno plus two other male and 
one female ferrets who were caught in his range. Only five locations out of 
49 (10%) were recorded in the pasture habitat which suggests that Hansel 
preferred the tussock habitat to the more exposed pasture habitat. 
Snow tracking and visual sightings of ferrets hunting showed how 
intensely a ferret covered a certain portion of ground. Backtracking 
and reworking of previously hunted ground was very common. The denser 
vegetated gullies were favoured areas for hunting, possibly as rabbits 
either burrowed or sheltered in these areas. 
B) BOB 
Date of capture: 13-06-88 
Head and body length: 560mm 
Tail length: 147mm 
Weight: 1250g 
Home range: 0.68 km~ 
Only one lizard hotspot (one of the same identified for Shiela) was 
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FIGURE 3.12 Bob's habitat frequency map, sub-habitat and prey 
distribution map 
Both den sites were in the denser vegetated gullies, however many 
locations were recorded on the ridge crests. During June and September, 
Bob appeared to have a cyclical pattern of use for his two main dens. 
Every fourth or fifth day he would return and occupy a den for between 
24 and 48 hours, before returning to the alternative den. Different 
females were captured at each den during the time he was being 
radio-tracked. During the months of August and September, ferrets 
appeared to clean their dens. Piles of straw were found at the den 
entrance of all ferrets being radio-tracked. A daytime observation of 
Bob revealed him carrying mouthfuls of straw out of the den. 
I 
C) CLYDE 
Date of capture: 02-09-88 
Head and body length: 440mm 
Tail length: 124mm 
Weight: 1500g 
Home range: 0.94 knf' 
One lizard hotspot was identified in Clyde's home range (Fig. 3.13). 
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FIGURE 3.13 Clyde's habitat frequency map, sub-habitat and prey 
distribution map 
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He was located between three and five times within this area. Although 
it appears that he was located many times in the pasture, these were 
restricted to small areas of rock outcrops and tussock clumps left in 
the middle of pasture. Clyde appeared to have only one main den site, a 
rabbit burrow in the gully. Most rabbit sign was along fence lines and 
visual sightings of rabbits suggested high numbers. Activity for all 
male ferrets was greatest in the early morning (Appendix 3.5). The 
maximum distance travelled between a three hour period was 1.04 km, but 
as the path generally followed the shape of the gully network and the 




165 feral cat scats and 40 ferret latrines/scats were collected 
throughout the entire study area between January and December 1988. The 
age of scats could not be determined therefore results can not be 
presented on a seasonal basis. Results are presented as frequency of 
occurrence of a prey type to the total number of scats that had 
identifiable prey remains. 
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FIGURE 3.14 Frequency occurrence of different prey types in 165 feral 
cat scats 
Rabbits were the most common prey type occurring in feral cat scats 
(Fig. 3.14), occurring in 50% of the sample. Numbers of rabbits 
represented by these remains was impossible to calculate as more often 
than not only the fur was present. 
Insects were the next most common at 45% (see Appendix 3.6). Of these 
wetas (Orosandrus focalis), were the most commonly identified group 
(55%). Numbers of individuals per single scat ranged from at least one 
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to at least 23. Porina ('!Yiseana spp.) were the next most commonly 
occurring group (16%), with numbers ranging from at least one to at 
least 43 individuals. Grass grub (Costelytra zealandica), ear wig 
(Forficula auricularia) and grasshopper remains were also present. 
Lizards were the third most common prey type found in feral cat scats 
(42%). 70 scats contained a total number of at least 191 lizards, of 
which 189 were identified as remains of skinks, and two of geckos. Of 
the 189 skinks, only three could be identified (by the bone size) as the 
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FIGURE 3.15 Least number of individual lizards found per single scat in 
70 feral cat scats containing lizard remains 
Of the 70 feral cat scats containing lizard remains (Fig. 3.15), the 
number of individual lizards found per single scat ranged from at least 
one individual to at least 1 O individuals. 70% (55) of the scats 
contained only one individual. 
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TABLE 3.3 Composition of 165 feral cat scats in terms of the number of 
prey categories found in each scat 
No. of diet types per scat 
Diet types 1 2 3 4 
Rabbits 41 26 14 2 
Mice 2 3 10 4 
Insects 2 29 36 8 
Birds 8 17 19 3 
Lizards 25 40 5 
Carrion 3 14 19 2 
Total no. o 56 57 46 6 
Lizard remains always occurred with other prey remains. Over half of 
the scats with lizard remains in them also had evidence of at least two 
other prey types. 
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B} FERRETS 
From the remains of 40 ferret latrines and individual scats (latrines 
were often unable to be separated into individual scats}, rabbits were 
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FIGURE 3.16 Frequency occurrence of different prey types in 40 ferret 
latrines and scats 
Bird and carrion remains (20% each}, and insects (17%} were the next 
most frequently occurring prey. The insect species were restricted to 
grass grub, weta, and earwig (Appendix 3.6). 
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TABLE 3.4 Composition of 40 ferret scats and latrines in terms of the 
number of prey categories found in each scat/latrine 
-------- -------- -------- --------
No. of diet types per scat 
Diet types 1 2 3 
-------- -------- -------- --------
Rabbits 21 5 2 
Mice 1 
Insects 1 5 1 
Birds 2 5 1 
Lizards 2 1 
Carrion 2 5 1 
Total no. o 27 11 6 
The total number of scats or latrines that were dominated with the 
remains of only one prey type was 27 (67%). Of these 27 scats, rabbit 
remains constituted the major portion (78%). 
3-2.2 DIGESTIVE TRACTS 




FIGURE 3.17 Frequency occurrence of different prey types in 34 feral 
cat digestive tracts 
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From the analysis of 34 feral cat digestive tracts (Fig. 3.17) which 
contained food (obtained from three habitats in the Middlemarch area), 
bird and rabbit remains were the most commonly occurring prey items (56% 
and 530/o respectively). Insects (44%) were the next most commonly 
occurring prey item. Of these, grass grubs were the most common (23%). 
Other insect species included porina and weta (both 12%), Hu Hu beetles 
(Prionoplus reticularis), and some unidentifiable Lepidoptera larvae 
(see Appendix 3.9). 
Mice (18%), carrion (12%), and hedgehog remains (3%), were the other 
types of prey found in these tracts. Lizard remains (120/o ), included the 
common skink, and common gecko. Two cats had two skinks, and one cat 
had four skinks and two geckos. 
The nematode Toxocara cati (89%), and the cestode Toxascaris leonina 
(15%), were the only gastrointestinal parasites collected from 36 feral 












FIGURE 3.18 Frequency occurrence of different prey types in 20 ferret 
digestive tracts 
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From the analysis of 20 ferret digestive tracts (Fig. 3.18) which 
contained food (also obtained from the three habitats in the Middlemarch 
area), rabbit and bird remains were the most commonly occurring prey 
items (45% and 30% respectively). Insects (15%), hedgehog(10%), mice 
and crustaceans (5% each) were the only other prey remains found. There 
were no remains of lizards or evidence of carrion in this sample of 
ferret digestive tracts. A total of 11 ferret digestive tracts were 
classified as being empty. 
3-2.3 HABITAT COMPARISON OF DIGESTIVE TRACT REMAINS 
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FIGURE 3.19 Habitat comparison of feral cat digestive tract prey remains 
Rabbit and bird remains were the most frequently occurring prey found 
in the tracts from all three habitats (Fig. 3.19). Insects occurred 
very frequently in the pasture and semi-arid habitats. Lizards, 
although present in the digestive trl:!,cts of feral cats from the pasture 
habitat, and absent in those from the tussock habitat, were found in a 
higher proportion in the sample of digestive tracts from the semi-arid 
habitat. Mice would appear to have occurred frequently in the tracts of 
those feral cats living in the tussock habitat, but this result is 
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FIGURE 3.20 Habitat comparison of ferret digestive tract prey remains 
Rabbit, bird and insect remains were the most frequently occurring prey 
types in the digestive tracts of ferrets in all habitats (Fig. 3.20). 
Mice and hedgehog remains were sparsely represented in the habitats. 
The apparent sparseness of diet categories in this sample of tracts 
could be a reflection of ferret diet, or by the results being influenced 
by the 11 empty ferret digestive tracts. 
3-3.1 PREDATOR DENSITY 
Mammalian predators comprised 13% (68) of all trapped animals caught 
during the four months of trapping during 1988 in the Middlemarch study 
sites (Appendix 3.8). 36 feral cats, 31 ferrets, and one stoat were 
caught. The lowest number of cats were caught in spring, while ferret 
captures were lowest in winter. The single stoat was caught in winter. 
Trapping efficiency (number of predators caught per 100 corrected trap 
nights) shows that fewer predators were caught in the tussock habitat 
than in the pasture and semi-arid habitats (P<0.05), (Fig. 3.21 ). 
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FIGURE 3.21 The capture efficiency of predators in three different 
habitats 
Trapping efficiency appears to be greatest in autumn and least in 
winter, although this observation is not quite statistically significant 
(P=0.0587) . . 
A) FERAL CA TS 
Capture efficiency In the semi-arid habitat shows a continual decline 
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FIGURE 3.22 Capture efficiency of feral cats in three different 
habitats 
Capture efficiency oscillates in the pasture habitat, with autumn and 
spring peaks. The capture efficiency in the tussock habitat peaks in . . 



























Ferret capture efficiency in the pasture and semi-arid habitats show 
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FIGURE 3.23 Capture efficiency of ferrets in three different habitats 
The pasture habitat also shows a low in spring. Summer and winter 
seasons have a low capture efficiency rate in the semi-arid habitat. 
The efficienGy of ferret capture in the tussock habitat shows an autumn 
low and spring high, and also appears to be less variable between 
seasons compared to the other habitats. 
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3-3.2 COAT COLOUR 
A) FERAL CATS 
TABBY 75% 
FIGURE 3.24 Feral cat coat colour 
From 56 feral cats surveyed by trapping and visual observation, 750/o (42) 
had one of the various forms of tabby coat colour (Fig. 3.23). All 
feral cats captured or observed during the present study were short 
haired. Other coat colours included various shades of grey and black. 
Five animals (9%) had some white hair, generally restricted to the paws 
and underparts of the body. 
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FIGURE 3.25 Feral cat tabby coat colour forms 
Classic 
The majority of animals with a tabby coat colouring were classed as 






FIGURE 3.26 Ferret coat colour 
Of the 66 ferrets encountered during this study, 80% of them had the 
'standard' coat colour (Fig. 3.26). Five (8%) were albinos, and two 
(3%) were pastel coloured. There were no examples of dawn coat colour 
in this sample of animals. 
3-3.3 BODY MEASUREMENTS OF CAPTURED FERAL CATS AND FERRETS 
The data of body weight, body measurements and reproductive condition of 
feral cats and ferrets caught in the three habitats are shown in 
Appendix 3.9. There was no significant difference with relation to body 
weight or measurements in the sample of feral cats and ferrets with 
respect to the particular habitat from which they were captured. 
3-3.4 SEX RA TIO 
The combined totals of all mammalian predator captures from the 
Middlemarch and Macraes Flat study sites were dominated by the capture 
of males. 31 male and 18 female cats; 41 male and 23 female ferrets, 
gave a sex ratio for both predator populations of approximately 1.7:1. 
The only two stoats caught during the study were also males. Although 
the possibility of there being more males in the local predator 
populations must not be ignored; from personal observations there were 
definite indications of female shyness to traps, especially baited cage 
traps. 
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The present study has revealed some important features about the ecology 
of feral cats and ferrets living in the Middlemarch and Macraes Flat 
region of Central Otago. Fragmentation of the native tussock grassland 
with exotic pastures has created a situation where individual predators 
and certain prey species are utilising the habitat in a non-random way. 
Such a pattern has led to an increase in the possibility of an encounter 
between predators and lizards, and the potential effects on the remnant 
giant skink populations is of some concern. 
Two of the most important factors that govern the manner in which a 
feral cat or ferret utilise the habitat appears to be determined by the 
location of a food source and the position of a den site. Closely 
incorporated with these is the influence of topography and vegetation. 
Habitat does· not appear to affect the diet of a predator as much as the 
type and density of the prey population. The staple diet categories of 
feral cats and ferrets were the same in pasture, tussock and semi-arid 
habitats. Although major seasonal diet trends were not able to be 
determined, evidence from the prey remains found in scats and digestive 
tracts of both predator species indicated that rabbits, birds and 
insects were the staple food types. The high occurrence of lizard 
remains in feral cat scats showed that lizards were definitely an 
important food source for this species in areas where large numbers of 
lizards lived. The high occurrence of rabbit remains reinforces other 
findings of the importance of small mammals in the diet of these 
predators (Hubbs, 1951 ;Coman and Brunner, 1972; Jones, 1977; Jones and 
Coman, 1982), and the importance of rabbits in feral cat and ferret diet 
in some New Zealand habitats (Pierce, 1987; Gibb et al., 1978; Roser and 
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Lavers, 1976). During winter, feral cats and ferrets supplemented their 
diet by feeding from dead stock carcasses, often there was evidence of 
the same carcass being visited by members of both species. 
During the present study, many ferrets captured for digestive tract 
analysis had empty stomachs. The period when ferrets are active or 
their higher metabolism (Brown and Lasiewski, 1972) may effect the 
amount of food in an individual's gut when caught by leghold traps. 
Activity patterns of predators can be correlated to the active period of 
their primary prey (Zielinski, 1988). Male cats and male ferrets 
appeared to be more active in the evening hours between 1800-2400hrs. 
Female cats appeared to slightly favour the hours between 0300-0GOOhrs. 
This corresponds well with the activity patterns for rabbits which are 
more active at dusk and dawn (Lockley, 1976; Gibb qt fil·, 1978). 
Rabbit's preference for short grasses and dry, sunny areas (Gibb~ fil., 
1978), had important consequences on habitat utilisation by predators in 
the present study. Southern facing slopes of gullies in the area were 
more densely vegetated and spent more time in shadow compared with the 
more northern facing slopes and ridge crests. As a result of this, the . 
north facing slopes and ridge crests had a greater amount of direct and 
indirect evidence of rabbit habitation. On a large scale, the more 
densely vegetated area studied in the Rock and Pillar Mountain Range 
held fewer predators compared to the pasture and semi-arid habitats, due 
to the longer grasses and tussocks growing there creating a non-favoured 
habitat of rabbits, therefore making a poor hunting ground for 
predators. On a smaller scale, within an individual's home range the 
more densely vegetated regions where, on the whole, avoided. 
The size and shape of an individual predator's home range was less 
important compared to the areas of high intensity use as shown directly 
by repeated recordings in an area using radio-tracking methods, and 
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indirectly while trapping other individuals for digestive tract 
analyses. Home range size and shape was affected by the extreme outer 
radio-locations. The areas of frequent usage were influenced by a 
combination of local topography and the position of sub-habitats. This 
in turn dictated the area to which a predator restricted the majority of 
its activity and although such areas were only a small fraction of the 
predator's home range, they were extremely important. 
As evidenced by radio-tracking, visual sightings, snow tracking and 
trapping, feral cats and ferrets favoured using stock tracks as 
pathways. Fence lines, especially those with associated gorse hedges, 
were also important routes used by these predators. If either of these 
structures were absent in an area that had tussock/pasture interfaces, 
then feral cats would use the interfaces as an alternative pathway, 
while ferrets would keep within the tussock vegetation and rarely 
venture out on to the pasture. 
The physical nature of the rock tors, outcrops and bluffs in the area 
made them appealing to both predators and prey. Rock outcrops provided 
shelter, heat-and roosting sites. Rocks were warm at night, and 
provided shade during the heat of the day. The associated vegetation 
provided food for lizards, birds, farm stock - and indirectly to 
predators. 
As radio-tracking revealed, not all parts of an animal's home range were 
equally frequented, with some areas not being frequented at all. This 
phenomenon was also noted by Gerell (1970), Erlinge (1977), and Debrot 
and Mermod (1983). Such habitat usage has important consequencesJor a 
study using trapping methods as not every trap will be in an equally 
favourable position for making a capture. 
In trapping studies of mustelids it is usual to capture more males than 
females (see King, 1975 and 1980; Roser and Lavers, 1976; Moors and 
Lavers, 1981). In the present study, a similar bias was found for both 
-80-
ferrets and feral cats. 
Several authors have suggested that the sex, species, or age group with 
the largest home range or greater mobility will be selected for by 
trapping since they meet more traps (Derenne, 1976; Van Aarde, 1978; 
Jones and Coman, 1982; Brothers et al., 1985). Furthermore, King (1975) 
suggested that the sex ratio observed In some trapping studies could be 
related to trap density and spacing. The probability of catching the 
resident animal should increase with the number of traps in the range, 
simply from more traps being set, the more chance there is of having a 
trap in a favourable place. Therefore as fewer traps are set, the sex, 
species or age group with the smaller home range is subjected to 
variable intensity and should be disproportionately represented in the 
sample. 
Detailed comparisons of feral cat and ferret studies from the mainland 
of New Zealand is, on the whole, unwarranted. The effect of habitat; 
topography; prey type, availability and density, will all affect the 
results of predator behaviour from one study to another. It is 
interesting to note however that by using radio-tracking, the present 
study found male ferrets had home ranges varying from 0.68 - 1.20 km . 
Previous studies on ferret home range size in New Zealand have been 
determined by live trapping experiments where it was found that home 
range size varied from 0.02 - 0.37 km (Roser and Lavers, 1976; Pierce, 
1987). The increase in size found in the present study may be the 
effect of different habitats and topography, the effect of a food source 
location or the greater precision allowed by radio-tracking methods. 
Species specific characteristics that affected home range determination 
and habitat utilisation included the behavioural reactions to 
radio-tags. For adult feral cats this appeared negligible after 2-3 
days. The only juvenile cat that was collared may have been migrating 
away from the area before he was hit by a car 1 O kilometres away from 
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the initial capture site. Similar negative behaviour was observed in 
cats by Jones and Coman (1982), suggesting that juvenile animals in 
particular, may be prone to migrating away from the capture site 
following the stress of radio-tag attachment. 
For ferrets the story is a little more complicated, it appeared that 
after a certain time, they either became stressed with wearing a 
radio-tag and moved away (hence the difficulty in tracking them) or 
ferrets do periodically change their home range. Because the ferret 
transmitters did not give out as strong a signal as the cat 
transmitters, close monitoring an individual may have resulted in 
abnormal behaviour. Dispersal of juvenile animals has been reported as 
natural occurrences for other mustelid species, e.g. stoats (Debrot and 
Mermod, 1983) and mink (Gerell, 1969 and 1970). 
Many studies have noted the difference in home range size between the 
sexes of the same species in mammalian predators (Erlinge, 1967; Gerell, 
1970; Sandell, 1986; Konecny, 1987), and it appears that the results of 
the present study show a similar difference. Radio-tracked male feral 
cats had home ranges double the size of radio-tracked female cats. As 
evidenced by more single 'unique' radio-locations, male feral cats 
appeared to concentrate their activities over a wider area and have a 
more mobile life style compared to female feral cats. Females had 
smaller home ranges plus more areas where they were continually located. 
Introduced predators have been harmful to much of New Zealand's native 
fauna (Fitzgerald and Karl, 1979), and many people would like to believe 
that the successful elimination of these predators would, in effect, 
bring back the moas. A distinction must be made between factors 
responsible for the decline of populations in the past and factors 
limiting populations now (King, 1984). 
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The decline of native species in the past, especially birds, has been 
attributed to predation by cats, mustelids and rats. Several authors 
have stressed that other factors were also responsible - habitat 
destruction or modification and competition from other introduced 
species being among the most favoured suggestions (Druett, 1983; King, 
1984). 
Native species now have low population densities compared to the more 
resilient introduced species (Coman and Brunner, 1972). Although these 
native species are less important in predator diet, losses due to 
predation will be more significant in reducing their population. For 
the introduced rabbit, rodent and bird populations, densities and 
productivity are extremely high and predation in such cases may do 
little more than remove a surplus of animals plus do little to halt the 
trend of increasing populations. 
Unfortunately little is known about the population dynamics of giant 
skinks. The answers to important questions such as the actual 
number still surviving, their survival rate, the age of sexual maturity 
and the number of young each female produces each year, all to a large 
extent remain unanswered. Little is known of giant skink migration from 
one rock outcrop to the next or the amount of time a giant skink lives 
in the vegetation away from a rock tor. 
Both feral cats and ferrets spend a large amount of their time in 
habitats where lizards are at their most densest, i.e. around rock 
tors/outcrops. However, it appears from the remains found in ferret 
scats and digestive tracts that these predators pose a negligible threat 
to giant skinks as even the common skink was a very insignificant part 
of ferret diet. Ferrets in the present study were primarily nocturnal, 
which suggests that any lizards preyed upon were the result of chance or 
accidental discovery of lizards living in the vegetation. Ferrets are 
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especially common in areas of high rabbit numbers, and history shows 
that they can not survive in areas where rabbit numbers are depleted. 
Therefore there is no threat from ferrets existing solely on the lizard 
population. 
Evidence from feral cat scats, and to a lesser degree, digestive tracts 
from habitats where lizards were observed in high density, indicated 
that feral cats prey on common and giant skinks. Whether this amount is 
termed a large number must depend on the density of both skink 
populations. It would appear that f era I cats are not endangering the 
common skink populations merely because these lizards are available in 
such high numbers, but could become a threat to the long term survival 
of giant skinks unless certain measures are not taken. 
For long term conservation, members of the giant skink population would 
either have to be removed to a suitable predator free island, or by 
allowing the original habitat to regrow in areas where giant skinks are 
now struggling to survive. Any practice that lowers the quality of the 
habitat in areas where giant skinks still survive today, such as those 
practises that destroy the vigour of the tussock grasslands and rock 
outcrops, should be stopped. Failure to do so only promotes favourable 
conditions for more resilient prey species - especially rabbits, which 
serves to encourage feral cats to inhabit the area. The re-growth of 
native tussocks and trees will only be accomplished by the restriction 
on ploughing, grazing and burning activities. However if the native bush 
was allowed to regrow, this could be providing the scene for a greater 
menace. An increase in stoat numbers, small efficient daytime hunters 
could further increase the menace to lizards. 
Obviously, the bigger the remnant patch of tussock, the less frequently 
any one particular outcrop will be visited (if it is not a main den 
site) by predators. The smaller patches will be utilised more 
frequently as predators seek shelter in the vegetation/rocks before and 
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after hunting the surrounding pasture areas for rabbits. Lizards living 
on rocks in small tussock patches will be more prone to predation as 
they move from one outcrop to another. 
Cats are very resilient to exploitation and have been eradicated from an 
area only after great input of manpower and other resources (Vietch, 
1982), and such action in the present study area would be pointless in 
terms of time, effort, and success. Predator exclusion fences around 
surviving populations of giant skinks are unwarranted as they are 
expensive and their success is also questionable. Their mere presence in 
a tussock habitat provides a pathway through the vegetation for 
predators that otherwise might not have been there. Also the tracks 
created by vehicles maintaining these structures would, over time, 
provide yet another pathway for predators. 
Stock exclusion fences surrounding a lizard reserve should be a 
priority. This would not only encourage the growth of vegetation for 
lizard protection but would slowly create a less and less favourable to 
rabbits and therefore to feral cats. Another more radical measure to 
promote giant skink ·survival could be the providing of artificial lizard 
habitats i.e. the strategic placing/landscaping in blocks of dense 
tussock schist rock slabs in otherwise rock bare regions. 
Dead stock carcasses effectively allow predators to use a smaller home 
range, encourage visits to rock stacks and provide a food source during 
stressful conditions e.g. winter. Therefore the removal of carcasses is 
important in areas where such predators are to be discouraged. 
This study by no means represents the end of the matter; more research 
is needed on certain aspects regarding the ecology of the feral cats and 
ferrets in the Middlemarch-Macraes Flat region. More information is 
needed on these predators regarding habitat utilisation in fragmented 
tussock grasslands. More information is needed about the seasonal 
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variation of predator diet, in particular to see if lizards are preyed 
upon more heavily in certain seasons. A major area where further study 
is required (and soon), is the ecology of giant skinks. In particular, 
answers must be found regarding the effects of habitat destruction on 
the lizard population and what measures are necessary to allow the giant 
skink species in Central Otago a chance of survival. 
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Y = yes, movement occurred between the radio-fixes 
N = no movement 
- = no radio fix obtained 
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APPENDIX 3.2 Movement occurrence for Connie 
MONTH HOURS 
CONNIE MARCH 1800-2100 2100-2400 2400-0300 0300-0600 
1 N y y y 
2 N y N N 
3 y y N N 
Y=f,7 Y=lOO Y=33 Y=33 
N=33 N=O N=f,7 N=f,7 
APPENDIX 3.3 Movement occurrence for Bruno 
BRUNO 
JUNE 1800-2100 2100-2400 2400-0300 0300-0600 




10 y y 
y N 
13 y N 
y 
16 N N 7 
19 N 
22 N N N N 
25 N N 
Y=67 Y=75 Y=38 Y=29 
N=33 N=25 N=f,2 N=71 
APPENDIX 3.4 Movement occurrence for Marty 
MARTY 
SEPT/NOV 
19 N y y 
20 y y y y 
21 y y y N 
22 N N N N 
25 N N N N 
7 y y y y 
10 y y y y 
Y=f,7 Y=57 Y=71 Y=57 
N=33 N=43 N=29 N=43 
TOTAL% Y=67 Y=<>6 Y=55 Y=43 
N=33 N=34 N=45 N=57 
1800 2400 2400---------0600 
''()T!\L % Y=<>6 N=34 Y=49 N=51 




SEPTEMBER 1800-2100 2100-2400 2400-0300 0300-0600 
1 y y N y 
4 N N 
10 y y y y 
13 N y y 
16 N N 
19 N 
22 N y y y 
25 N N 
Y=67 Y=75 Y=37 Y=57 
N=33 N=25 N=63 N=43 
HANSEL 
JUNE 
1 N N N N 
4 y y 
10 y y y y 
13 y y y 
16 N N 
19 y 
J' . ~ 
"' ., . 22 y y N N .• ~-
25 y N 
-. Y=67 Y=75 Y=63 Y=43 i 
·'· 





4 y y N N 
; '- ;} 7 y 
10 y 
13 y 
16 y y N N 
.. 
22 N y y N 
: ~ . ~ Y=&J Y=75 Y=33 Y=25 
N=20 N=25 N=67 N=75 
TOTAL% Y=71Y=75 Y=14 Y=42 
N=29N--2S N=56 N=58 
1800 2400 2400----0600 





SOOY MEASUREMENTS AND DIGESTIVE TRACT REMAINS OF FERAL CATS AT MIDOLEMARCH DURING 1988 
HEAD RIGHT 
"' ' BODY 
TAIL HIND COLOUR 
C: WEIGHT LENGTH LENGTH FOOT REPRODTIVE HEDGE- NEMA- CEST- VEGET. 
°' 
DATE SEX (g) (mm) (mm) (mm) COLOUR EVIDENCE RABBIT MICE BIROS INSECTS LIZARDS HOG CAR.RION TOOES ODES MATTER 
E -------------------------------------------------------------------------------------------------------------------------------·---------(l) TUSSOCK HABITAT .... 14-04 M 3750 810 250 110 T - - • • - - - - * - • - 10-07 M 3750 824 270 .. * * 110 B,w - - * - - - - -() 14-07 M 4750 796 237 110 T - - - - - - - - •• as .... 15-01 F 3000 778 252 106 T - - - • - - - - • - 13-04 F 3250 750 233 107 T • - - - - * * - - -Cl) 21-04 F 3250 770 255 110 T - • - - - - - - * .2: 24-04 F 1375 657 227 100 T - - - - *A,B - - - * * -(/) (l) PASTURE HABITAT 0) 
09-04 M 4250 794 258 110 B - • =ts 09-04 M 1475 658 221 104 T - - - • -g 09-07 M 1075 606 189 94 B - • - .. - - • • • 
as ll-07 M 6250 860 311 122 T - - - - - - - - • 25-07 M 5500 913 294 120 B - • - - - - - - • -.i::. 06-10 M 3750 765 221 116 B - • - - *B,C - - - * 0) 11-10 M 4500 800 270 110 T - * - - - - - - • - • "<i> 11-10 M 4750 834 267 122 T - • - .. •c,D - - - • 
3 11-01 F 2500 774 250 109 T ENI.GD UT. • - • - - - - * - • 
rn 14-01 F 1975 716 223 100 T - - - .. *8(6) * - • • - 15-01 F 2250 730 239 102 B,w - • - • *E()) - - - • • C: 10-04 F 3250 784 259 110 G,w - • • * - - - - -(l) 05-07 F 3500 755 247 106 T - - * • *A,C - - - • ... :, 13-07 F 1175 606 202 88 B - • - .. - - - - • 
(/) 08-10 F 3250 530 207 107 T - - • - *B - - - • CXI 12-10 F 4000 735 224 105 T - - - .. (2) *A'C(3) (l) 
E SEMI-ARID HABITAT 
1 22-01 M 4250 886 289 120 T - • 25-01 M(j) 575 430 137 70 T - - - • *A 27-01 M(j) 500 435 142 71 T - - - • -
30-01 M(j) 900 530 164 85 T - - - • *A - - - - * (0 11-04 M 1325 608 205 97 T - - - - - -*2S - - • ('t) 15-07 M 3500 870 299 115 T - - - - - - - - • - • 
~ 20-07 M 3250 758 251 110 T - • - - - - - - • - * 23-01 F 2750 758 248 108 T - - - • - *4S,2G - • • 0 30-01 F(j) 875 496 172 80 T - - - • *A - - - • z 09-04 F 1975 642 211 94 T - • - - *A - - - • 8: 13-04 F 3000 734 230 96 T - • - .. *A - - - * a.. 19-07 F 2750 760 247 110 T - • • - - - - - • 
< 23-07 F 3750 748 228 104 T 4 EMBRYOS * 
A - Grass grub, coste1ytra zea1andica B • Weta, orosandrus focalis c - Porina, Wiaeana spp. D • Larvae egg sacs 
E - Hu hu, Prionoplus reticularis 
s • skink g - gecko 
j • juvenile 
I 
"' 
BODY MEASUREMENTS OF THE FERRETS CAUGHT AT MIDDLEMARCH DURING 1988 
en HEAD RIGHT 
I WEIGHT' BODY TAIL HIND REPROD HEDGE- CRUST- VEGE. 





11-01 M 875 554 141 57 A • 15-04 M 1075 470 150 58 B - -
22-7 M 1225 560 151 54 A - * 11-10 M 1125 555 133 58 s - - - * - - * 12-10 M 1300 598 150 61 s - - - * 20-10 M 1325 597 157 61 s - * 21-10 M 1325 615 153 63 s - - - * 23-10 M 1175 560 137 57 s 
13-01 F 475 474 127 45 s SWOLLEN WLVA 
24-01 F 625 520 132 52 s SWOLLEN WLVA - - * 11-07 F 700 505 137 49 s - - - - *A 
PASTURE HABITAT 
11-01 M 875 567 160 53 s - - * 12-01 M 1075 600 160 58 s 
06-04 M 1100 658 150 57 s 
07-04 M 1225 555 134 57 p - * 10-04 M 1525 636 177 64 s - - - - - - - * 10-04 M 1025 572 171 59 s 
24-07 M 1400 642 172 60 s - - - - * 11-01 F 600 496 134 50 s - - - * 13-01 F 600 544 153 52 p 
15-01 F 375 407 103 42 s - - - - - - * 13-10 F 775 544 149 52 s - * - * 
SEMI-ARID HABITAT 
09-04 M 1375 600 167 60 s - * 13-04 M 1200 600 163 58 s - * 14-07 M 1375 584 151 55 s 
19-10 M 1275 564 144 55 s - * 19-10 M 1200 568 153 54 A - * 24-10 M 900 513 131 52 s 
30-10 M 1350 607 163 60 s - * 11-04 F 450 486 207 46 s 
13-04 F 825 540 140 49 s - - - - - - - - * 
A - Grass grub, costelytra zealandica B • Weta, oroaandrus (oglli c -· Porina, Wiseana spp. D • Larvae egg sacs 
E - Hu hu, Prionoplus reticularis 


























SPECIES SCATS No OF INDIV'S/SCAT >1 
================================================================= 
FERAL CATS 
GRASS GRUB, costelytra zealandica 6 
WETA, orosandrus focalis 38 
PORINA, Wiseana spp. 12 
UNIDENTIFIED 3 




GRASS GRUB, costelytra zealandica 2 
WETA, orosandrus focalis 3 
PORINA, Wiseana spp • 
UNIDENTIFIED 






2, 2, 19 
- 97-
APPENDIX 3.8 Total number of animals caught from the Middlemarch study sites 
Summer Autumn Winter Snring 
Animal Tom! 
Cat 10 11 9 5 36 
Ferret 8 9 4 10 31 
Stoat 1 1 
Rabbit 8 6 4 5 23 
Hare 2 2 4 
Possum 103 62 40 25 230 
Hedgehog 59 23 3 20 105 
Bird 10 6 4 8 28 
Total 208 120 72 104 504 
